The organ injury scale grading system proposed by the American Association for the Surgery of Trauma provides guidelines for operative versus nonoperative management in solid organ injuries; however, major shortcomings of the American Association for the Surgery of Trauma injury scale may become apparent with low-grade injuries, in which conservative management may fail. Nonoperative management of common intra-abdominal solid organ injuries relies increasingly on computed tomographic findings and other clinical factors, including patient age, presence of concurrent injuries, and serial clinical assessments. Familiarity with characteristic imaging features is essential for the prompt diagnosis and appropriate treatment of blunt abdominal trauma. In this pictorial essay, the spectrum of the American Association for the Surgery of Trauma organ injury scale grading system is illustrated, and a multidisciplinary management algorithm for common intraabdominal solid organ injuries is proposed.
Trauma is the leading cause of death in the population under the age of 45 years old [1] . In 2007, more than 180,000 people died of trauma, of which blunt abdominal trauma (BAT) had the highest incidence [1] . In patients who are hemodynamically stable (either in the absence of shock, or patients in shock who do respond to therapy), there has been a notable shift from routine surgical to nonoperative management (NOM) of BAT [2] . This change may be attributed to several factors, including increased availability of highquality computed tomography (CT) scanners in most trauma centers in the industrialized nations. However, the traditional Organ Injury Scale (OIS) defined by the American Association for the Surgery of Trauma (AAST) has significant shortcomings [3] , especially in the prediction of solid organ injuries amenable to NOM. In particular, the recognition of low-grade injuries that may fail with observation alone and thus must be recognized by radiologists and reported to trauma teams may not be consistently and successfully predicted when using the OIS.
Splenic and liver injuries are the most common solid organ injuries to occur as a consequence of BAT; in contrast, renal and pancreatic injuries are less common [2] . The partial or complete removal of these organs can greatly increase patient morbidity [2] , and precise interpretation of the AAST OIS grading system is crucial to determining patient outcomes [3] . This pictorial essay reviews the AAST OIS grades for spleen, liver, kidney, and pancreas, and presents a simplified multidisciplinary management algorithm for each solid organ injury discussed.
Blunt Splenic Trauma
The spleen is the most commonly injured abdominal organ, which accounts for 49% of blunt abdominal injuries [4] . Formerly, splenectomy was the treatment of choice for most intermediate or high-grade splenic injuries, but infectious postsplenectomy complications have led to a preference for nonoperative management in these scenarios [5, 6] . Splenic lacerations may be superficial (3 cm in depth, grades I-II) or deep (3 cm in depth, grade III). Subcapsular and intraparenchymal hematomas and lacerations are easily visible on contrast-enhanced CT. Subcapsular hematomas appear as elliptic collections of low-attenuation blood between the splenic capsule and the splenic parenchyma, whereas active bleeding appears on CT images as areas of contrast extravasation with high attenuation, which are typically larger and more irregular than contained injuries [4] . An intraparenchymal hematoma appears as a hypodense area within a normally perfused splenic parenchyma. Parenchymal laceration and capsular disruption appear as linear defects [7] . A laceration that devascularizes 25% of the spleen is defined as a grade IV injury; whereas, a shattered spleen or a hilar vascular injury is defined as grade V injury [8] . Published literature has shown a significant mortality rate (22.7%) from grade V injuries [8] . The AAST spleen injury grading system is summarized in Table 1 ; various splenic injury grades are illustrated in Figure 1 .
These provide a useful framework for the stratification of splenic injuries for the purposes of diagnostic and treatment decisions.
An important factor that affects management is the presence of active extravasation, which may be life threatening without intervention, regardless of the grade of the injury. Despite its importance, active extravasation is not taken into account in the AAST OIS. Previous studies have reported successful NOM of patients with large hemoperitoneum with no evidence of active extravasation [7, 9] . Conversely, small extravasations, pseudoaneurysms, and arteriovenous fistulas may be managed successfully with embolization in hemodynamically stable patients [10] . Examples of various lowgrade splenic injuries that required intervention due solely to active extravasation are depicted in Figure 2 . Hemodynamic stability is key in deciding further diagnostic or therapeutic management. A simplified multidisciplinary management algorithm for various grades of splenic trauma is depicted in Figure 3 .
Blunt Hepatic Trauma
The liver is the second-most commonly injured organ, with an incidence of injury that ranges from 1%-8%; however, it is the most common cause of BAT mortality [11] . Hepatic laceration may be superficial (3 cm in depth, grades I-II) or deep (3 cm in depth, grades III-V). On contrast-enhanced CT, lacerations appear as irregularly linear or branching areas of hypoattenuation [11] . Parenchymal hematomas on a contrast-enhanced CT may appear as low-attenuation areas with ill-defined margins in the liver parenchyma [11] . In contrast, subcapsular hematoma appears as an elliptic collection of low-attenuation blood between the liver capsule and liver parenchyma [11] . Parenchymal disruption of 25%-75% in 1 lobe defines a grade IV lesion. Parenchymal disruption of 75% in 1 lobe defines a grade V lesion. Grade VI injury consists of hepatic avulsion, which has a 91.5% mortality rate and requires urgent exploratory laparotomy [8] . The AAST liver injury grading system is summarized in Table 2 . Grades I-V hepatic injuries are illustrated in Figure 4 . Grade VI is often a surgical diagnosis because patients are hemodynamically unstable and require urgent exploratory laparotomy.
A nonoperative approach has produced a 90% success rate in managing hepatic trauma [12] . This approach is clinically more favorable because it has decreased mortality and other infectious complications frequently encountered after surgery [12] . Published literature has shown a significant mortality rate with grades IV, V, and VI injuries (23.9%, 61.7%, and 91.5%, respectively) [8] . Active extravasation is a significant finding that should be sought for and promptly relayed to the trauma team. Similar to splenic injury, active extravasation is unaccounted for based on current AAST OIS. Examples of grade II hepatic injuries with active extravasation are demonstrated in Figure 5 . The AAST OIS cannot predict the need for operative management in hepatic injuries, and the treatment of hepatic lesions with active extravasation largely depends on the hemodynamic stability of the patient's liver trauma [13] . In a study by Fang et al [13] , the researchers suggest that patients who might need operative treatment after a period of hemodynamic stability were associated with the following CT findings: intraperitoneal contrast extravasation, hemoperitoneum in 6 compartments, maceration 2 segments, high AAST injury scale, laceration 6 cm in depth, and porta hepatis involvement. A simplified management algorithm for various hepatic traumas is depicted in Figure 6 .
Blunt Renal Trauma
The kidneys are the third most commonly injured organs in BAT, which range from 1%-5% [14] . Renal laceration can be superficial (1 cm in depth, grades I-II) or deep (1 cm in depth, grade III). Grade I is limited to parenchymal contusions (decreased enhancement in the renal parenchyma) and subcapsular hematoma (varying attenuation) occurs in 82% of renal trauma cases [15] . Grade II is limited to cortical lacerations and nonexpanding perirenal hematomas. Grade III lacerations are 1 cm. Grade IV is characterized by lacerations that extend into the collecting system and main renal artery injury. Grade V renal injuries include shattered kidney, devascularizing injuries, and kidney avulsion. Delayed (5-10 minutes) imaging with multiplanar reconstruction is required to rule out urinary extravasation, which would indicate a collecting system, ureteropelvic, or bladder injuries. The presence of hematuria and hypotension is an important clinical sign that indicates an increased risk of renal injury. Furthermore, a distinction between gross and microhematuria in a patient who is hemodynamically stable can guide further imaging or therapeutic measurements. The AAST renal injury grading system is summarized in Table 3 . Various renal injuries according to AAST grading system are illustrated in Figure 7 .
Published literature has shown significant mortality rates due to grade III (9.4%), grade IV (13.9%), and grade V (33.3%) renal trauma [8] . NOM is preferred for renal injuries in patients who are hemodynamically stable and patients with ureteral tears, pelvic avulsions, or leakage of urine into the peritoneal cavity [14] . However, the presence of hypotension, perirenal hematoma >3.5 cm on CT, intravascular contrast extravasation, and complex lacerations increases the risk of surgical intervention [16] . Traditionally, the presence of AAST grade IV and V injuries strongly predicted operative management. However, with a better understanding of the natural history of renal injury and advances in radiologic interventions, surgical management of high-grade injuries has gradually decreased [16] . A simplified management algorithm for various degrees of renal trauma is depicted in Figure 8 .
Blunt Pancreatic Trauma
The pancreas is rarely injured and accounts for fewer than 2% of all BAT injuries [17] . It almost always occurs as a concomitant injury with other solid organs. Blunt injury to the pancreas, although uncommon, is mostly prevalent in the younger patient population, possibly due to less retroperitoneal fat [9] . Contrast-enhanced CT provides an early accurate diagnosis, which may reveal evolving injuries. This injury requires a low diagnostic threshold because pancreatic duct injury requires immediate intervention [17] . A clinical triad of abdominal pain, leukocytosis, and elevated amylase can help diagnose pancreatic damage, but these findings are often absent in the first 24 hours after injury [17] . A delayed diagnosis often results in recurrent pancreatitis, pseudocyst, fistula, and abscess formation [17] . The AAST requires a decision about the integrity of the pancreatic duct because this is a major predictor of morbidity and mortality. However, this may not be feasible because CT immediately after trauma is limited in the identification of pancreatic injuries. As a result, a high index of suspicion is required for the diagnosis of pancreatic injury in patients undergoing NOM. In all patients undergoing surgery, the diagnosis of pancreatic injury should be made during surgery [17] . Traditionally, in most cases, endoscopic retrograde cholangiopancreatography has been the criterion standard for imaging of the pancreatic duct [18] . However, in the trauma setting, endoscopic retrograde cholangiopancreatography may not be readily available or feasible and is not without its own associated risks of complications [18] . Magnetic resonance cholangiopancreatography has proven to be a useful tool for diagnosing various abnormalities that affect the pancreas and pancreatic duct [18] . Although CT images often are specific, it lacks sensitivity in detecting major pancreatic duct injury [18] . A minor contusion and a superficial laceration without any injury to the pancreatic duct is defined as a grade I pancreatic injury. Similarly, a major contusion and laceration is observed in grade II without damage to the pancreatic duct [19] . Laceration in grade III is described as distal transection or a parenchymal injury, with involvement of the pancreatic duct. Along with a proximal transection, a grade IV injury may also present with a parenchymal injury that involves the ampulla. Grade V laceration is a massive disruption of the pancreatic head [19] . The AAST OIS pancreatic injury grading system is summarized in Table 4 . Various pancreatic injuries are illustrated in Figures 9 and 10 . Hemodynamic stability is key in deciding further diagnostic or therapeutic management. A simplified management algorithm-based pancreatic injury grade is depicted in Figure 11 .
Conclusion
In the past 2 decades, there has been a major shift to NOM of BAT. Advances in CT and the development of a better understanding of the natural history of blunt abdominal injuries has played in major role in creating a shift to NOM of trauma patients. Although the knowledge of the AAST CT solid organ injury grading system is important for both radiologists and surgeons, its limitations in recognizing lowgrade injuries must be recognized. The proposed management algorithms may be used as a guide for radiologists and clinicians for optimal management of patients with BAT.
